OBJECTIVE -To compare the hospitalizations of people with type 1 and type 2 diabetes with those of the nondiabetic population of Tayside, Scotland.
D
iabetes is a major cause of morbidity in the general population. There are few reliable studies, however, that attempt to describe the hospitalization characteristics of people with diabetes compared with the nondiabetic population. Such information is valuable to health professionals who care for people with diabetes and to health care planners, health care economists, and health care policy-makers.
Additionally, there are difficulties not only in identifying people with diabetes in the population, but also in differentiating between type 1 and type 2 diabetic patients. The Diabetes Audit and Research in Tayside, Scotland (DARTS) database has been shown to be 96% sensitive, with a positive predictive value of 95% for the diagnosis of diabetes (1) . The Medicines Monitoring Unit (MEMO) has access to the validated Scottish Morbiditiy Record (SMR1), which records all hospitalizations in Tayside hospitals; therefore, the numerator of rates of hospitalizations would also be complete (2) . Before the current study, the few studies that have looked at resource use for diabetes tended to have methodological difficulties in either defining the population accurately, classifying diabetes accurately, or ascertaining data from various hospitalizations (3, 4) .
RESEARCH DESIGN AND METHODS

Study population
The study population consisted of all subjects in Tayside who were registered with general practitioners throughout the year 1995 and who were still alive at the end of the year (n = 366,849). Tayside is a geographically compact region of Scotland, with rural and urban communities served by 278 general practitioners and 3 principle hospitals. The percentage of the population of nonwhite ethnic origin is low (1.5%).
Definition of diabetes
The DARTS database was used to define those individuals with diabetes. DARTS has been described in detail elsewhere (1) . In brief, the DARTS database contains information on diabetes that has been captured from a number of sources, including hospital diabetes clinics, pharmacies, hospital discharge and biochemistry databases, and the community-based mobile diabetic eyescreening facility (5) . Data from these Donnan, Leese, and Morris sources identify patients by a unique patient identifier, known as the Community Health Index (CHI) number (1) . For the purpose of this study, individuals were classified as having type 1 diabetes if they were 0-35 years of age at diagnosis and were currently taking insulin; patients were classified as having type 2 diabetes if they were treated through diet control or with oral hypoglycemic agents or if they were Ͼ35 years of age at diagnosis, irrespective of treatment. These definitions were in accordance with the 1985 World Health Organization criteria.
Hospitalizations
For each member of the fixed population, the MEMO database (2), which contains the SMR1 records of patient-specific admissions to all Tayside hospitals, was searched for the year 1995. The MEMO database contains information regarding all hospital admissions, including acute, chronic, emergency, and 1-day admissions. It does not include accident and emergency visits unless these led to admission. Each SMR1 record contains the CHI number, which facilitates record linkage, along with one primary and five other possible diagnostic codes (from the International Classification of Diseases, Ninth Revision [ICD-9]), and up to four Office of Population Censuses and Surveys (OPCS4) procedure codes. Each SMR1 record consists of a finished consultant episode (FCE)-a period of time in the hospital under the care of a particular specialist. The primary ICD-9 code was mainly used in the analysis of FCEs. (However, because amputation procedures were rarely the primary reason for an FCE and therefore would have led to the erroneous estimation of no amputations, the primary, secondary, and tertiary codes were used in the analysis of amputation.) To obtain accurate total lengths of admission, a single admission may consist of multiple FCEs. From the planning and cost aspects, though, it is the FCE that must be identified, and so this study concentrated on this measure of hospital resources as the primary outcome. We also tabulated the total number of bed days and median days of hospitalization per patient.
Statistical methods
The number of FCEs for the population groups of diabetic (type 1 and type 2) and nondiabetic patients was tabulated, along with their demographic characteristics. In addition, the total and median number of hospital days were tabulated. The latter was compared using Kruskal-Wallis tests. FCEs were classified and tabulated (see APPENDIX) into the broad groups of neurological, cardiovascular, renal, endocrine/metabolic, ophthalmic, and other admissions (4) . Logistic regression modeling (6) was carried out with the class of FCE as a binary outcome to compare the proportions of individuals who had ever had an FCE in type 1 and type 2 diabetes relative to the nondiabetic population, adjusted for age as a continuous variable and sex. This was also repeated for the individual primary ICD9 codes for complications of interest, such as myocardial infarction (MI) (410), stroke (codes 435 and 436), peripheral vascular disease (code 443), renal failure (codes 584-586 and 588), and cataract (code 366). In addition, the OPCS4 codes for amputation of the lower limb (section X09-X11) for primary, secondary, or tertiary reason for FCE were compared in the three groups. All analyses were performed using SAS software, version 6.12.
RESULTS -In 1995, there were 366,849 people registered with Tayside general practitioners; 864 (0.24%) had type 1 diabetes and 6,871 (1.87%) had type 2 diabetes (Table 1) . People with type 2 diabetes were the oldest group. In the population as a whole, there were slightly more women (51%) than men. The diabetic groups, however, had higher proportions of men, especially in the type 1 diabetic group (56%).
During 1995, there were a total of 74,657 FCEs and 456,260 bed days. Of the total number of FCEs, 0.64% were for people with type 1 diabetes, whereas 5.4% were for people with type 2 diabetes ( Table  1 ). The proportion of the cohorts who ever had an FCE was 25.6% of those with type 1 diabetes, 27.1% of those with type 2 diabetes, and 12.3% of those in the nondiabetic group.
Study subjects with type 1 diabetes accounted for 0.5% of the total number of bed days, whereas those with type 2 diabetes accounted for 7.7% of the total. Length of FCE and bed days per patient were significantly higher for those with type 2 diabetes, with median bed days per FCE of 4 days Data are n (%), means ± SD, or n. *P Ͻ 0.0001, Kruskal-Wallis test. Data are n or n (%).
Hospitalizations in type 1 and type 2 diabetes
and median days per patient of 7 days, compared with both subjects with type 1 diabetes and nondiabetic subjects (Table 1) . There were no other significant differences.
The largest difference in proportions of subjects by admission class of FCE was seen for cardiovascular disease (CVD) (defined in the APPENDIX), which was responsible for 27% of all patient FCEs for those with type 2 diabetes compared with 12% for the nondiabetic group (Table 2) . Patients with type 1 diabetes had the lowest proportion for CVD. Patients with type 2 diabetes also tended to have the highest proportion (6%) of patients hospitalized for neurological complications.
People with diabetes had higher proportions of renal complications, mainly due to renal failure in type 1 diabetes, compared with nondiabetic subjects (Table  3) . Patients with type 1 diabetes had a higher proportion of ophthalmic complications (24%) than nondiabetic patients (4%), as did those with type 2 diabetes (15%). The most frequent complication of type 1 diabetes was ophthalmic admission compared with CVD admission for type 2 diabetes. Admissions for cataract were more likely in patients with type 2 diabetes than in nondiabetic subjects (Table 3) ; however, cataract accounted for most of the ophthalmic admissions in nondiabetic patients. People with type 2 diabetes suffered from a more diverse range of ophthalmic complications, such as retinopathy, maculopathy, and glaucoma, than the nondiabetic group.
The proportions of FCEs for MI, peripheral vascular disease (PVD), and stroke were higher in the type 2 diabetic group relative to the nondiabetic group (Table 3) . Although admissions for amputation of the lower limb were rare overall, such admissions were more likely in patients with diabetes compared with nondiabetic subjects.
Patients with type 1 and type 2 diabetes had significantly greater risk of any FCE relative to nondiabetic subjects, with relative risk (RR) of 2.89 (95% CI 2.48-3.37) and RR of 1.83 (1.73-1.93) for type 1 and type 2 diabetes, respectively, after adjusting for age and sex (Table 4) . A similar pattern was seen for the other categories, with both type 1 and type 2 diabetic patients having significantly higher risk of all categories of admission compared with nondiabetic patients, and with type 1 diabetic patients having a higher risk than type 2 diabetic patients. There were significantly greater rates of endocrine/metabolic complications in both diabetes groups (Table 4) , mainly due to diabetic ketoacidosis and hypoglycemia. The risk of renal failure was large in those with type 1 diabetes compared with nondiabetic subjects (Table 5 ). The risk of MI, stroke, PVD, amputation, renal failure, and cataract were all significantly higher in the type 2 diabetic group compared with the nondiabetic group. For patients with type 1 diabetes, the risks of MI or stroke were higher than those for nondiabetic patients, but the differences were not statistically significant. Patients with type 1 diabetes had significantly higher risk of PVD, amputation, renal failure, and cataract compared with nondiabetic patients (Table  5 ). As expected, older age was significantly associated with higher risk of all hospitalization classes. Men were significantly more likely to be hospitalized for MI, CVD, PVD, and stroke, whereas women were significantly more likely to have an ophthalmic hospitalization.
CONCLUSIONS -The main findings of our study were that patients with diabetes had approximately twice the annual number of FCEs compared with subjects without diabetes (25 vs. 12%). Additionally, for patients with type 2 diabetes, the duration of stay was significantly longer (7 vs. 3 days). In comparison, patients with type 1 diabetes did not stay longer than nondiabetic subjects. There was a preponderance of MI and stroke in patients with type 2 diabetes and microvascular disease and a lack of glycemic control in those with type 1 diabetes. For all categories, the risk of FCE was highest for patients with type 1 diabetes, followed by those with type 2 diabetes, and lowest for nondiabetic subjects. There is now good evidence that control of blood pressure and glycemia improves outcome in people with type 1 and type 2 diabetes (7). Our data provide some of the first and most accurate information that can be used to price hospitalization in unselected people with diabetes, which is a major health cost driver.
A previous U.K. study estimated that 5.4% of FCEs and 9.4% of bed days were for patients with diabetes (3). Although the 
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results are similar to ours, this previous study did not take into account population migration or death, and the study population was poorly defined. We found that 6.0% of FCEs and 8.2% of bed days were for patients with diabetes. Our results were based on a large population of 366,849 people, 2.1% of whom had diabetes. By definition, the population was fixed, thus eliminating possible errors due to population migration and death. In addition, comparisons of the rates of admission were adjusted for age and sex in the statistical analyses, as the three groups were likely to differ in these characteristics. Our main finding that 25% of patients with diabetes had an FCE was consistent with a population-based U.S. study, which found an annual admission rate of 26% in younger-onset patients and 31% in olderonset patients, surrogates for type 1 and type 2 diabetes, respectively (8) . In children and young adults with type 1 diabetes, the rate of admission has been shown to be 5.5-8.9% per year, which indicates that most admissions for type 1 diabetes are in the older age-groups and mainly due to lack of glycemic control (9,10). We found a strong association of increased hospitalization with age. We also found that men were more likely to be hospitalized for MI, CVD, PVD, and stroke compared with women. Predictors for admission in patients with type 1 diabetes who are Ͻ18 years of age have been shown to be glycosylated hemoglobin levels and race as well as less education, lower socioeconomic class, and not having two biological parents at home (8) (9) (10) . Previous studies suggest that duration of admission is variable between and within individual countries, ranging between 4.9 and 10.7 days, with an average of ϳ8 days (4, 11, 12) . Our values of 3 and 7 days for type 1 and type 2 diabetes, respectively, were shorter than most. The major strength of our data is the information on the nondiabetic control group, which showed that patients with type 2 diabetes were in the hospital 4 days longer than patients without diabetes (median 7 vs. 3 days). In contrast, there was no significant difference in the length of stay for patients with type 1 diabetes compared with nondiabetic patients. The difference in admission duration in our study was larger than that demonstrated in the U.S. and probably reflects longer stays in hospital for nondiabetic patients in the U.S. (4).
In conclusion, this study provided an accurate description of the hospitalization activity of those with type 1 and type 2 diabetes relative to the general nondiabetic population. It demonstrated higher bed-day occupancy and higher risks of neurological, cardiovascular, renal, and ophthalmic hospitalization compared with nondiabetic subjects.
APPENDIX-Data for chronic complications in diabetes are presented in Table A1 . 
